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EP 1 279 663 B1
Description

[0001] The presentinvention relates to animproved urea synthesis process, and more particularly to a urea synthesis
process wherein heat is recovered and utilized for decomposing unreacted ammonium carbamate contained in a urea
solution.

[0002] With regard to a method for recovering heat in a urea synthesis process, the present applicant has already
proposed some methods in e.g. Japanese Patent Examined Publication No. 62-15070, Japanese Patent Laid-Open
Nos. 61-109760 and 10-182587.

[0003] Inthe method disclosed in the above listed Japanese Patent Examined Publication No. 62-15070 or Japanese
Patent Laid-Open No. 61-109760, as shown in FIG. 3, a mixed gas separated from a urea synthesis solution in a
stripper 2 is divided and supplied separately to the tube side of each of two shell-and-tube type vertical condensers
9a and 9b which are located in parallel, through lines 18, and 32 and 33 so that the mixed gas is condensed. In the
vertical condenser 9a, water is supplied to a shell side thereof through a line 36 and low pressure steam is generated
through a line 37 by heat generated by condensation of the mixed gas. In the vertical condenser 9b, a urea solution
comprising unseparated unreacted ammonia and unreacted carbon dioxide fed from the stripper 2 is heated at a shell
side thereof by heat generated by condensation of the mixed gas, so that the heat is used as a heat source in a step
of separating unreacted ammonia and unreacted carbon dioxide in a urea synthesis process.

[0004] According to this method, the condensation temperature of the mixed gas comprising ammonia, carbon di-
oxide and water, which is brought from the stripper 2, is 170°C to 180°C. Since this temperature is higher than the
temperature of the low pressure steam, which is 150°C to 155°C, the temperature of a heated side can be kept higher
and thereby heat recovery can efficiently be carried out. In addition, it is also possible to install a medium pressure
decomposer, reboiler or falling film heater (not shown) in stead of the vertical condenser 9b to recover heat in the same
manner.

[0005] However, in the case of the above described heat recovery, because of the increased number of devices used
for urea production, the necessity of distribution of a mixed gas to two vertical condensers, etc., a urea synthesis system
becomes complicated. Moreover, when condensation of the mixed gas is carried out on the tube side of the vertical
condenser, due to thin-film condensation occurred on the tube surface, the heat transfer performance becomes lower
and the heat transfer area becomes larger when compared with the bubble column type vertical condensation reactor
described in Japanese Patent Laid-Open No. 10-182587. This results in upsizing of a vertical condenser, a high pro-
duction cost of devices, and by extension, expensive construction cost. Furthermore, by this method, the mixed gas
is supplied to the tube side of each of the vertical condensers 9a and 9b whereas a cooling medium is supplied to the
shell side, and therefore this method is not structurally suitable for dividing the shell side, supplying a plurality of cooling
mediums and performing heat exchange with each of them.

[0006] Inthe above Japanese Patent Laid-Open No. 10-182587, as shown in FIG. 4, the mixed gas discharged from
the stripper 2 to the line 18 is supplied to a vertical condensation reactor 4 having a cooling tube 23 therein and is then
condensed, and the obtained heat of condensation is recovered by generating a low pressure steam in the cooling
tube 23. The generated low pressure steam is used in a step of separating unreacted ammonia and carbon dioxide
under a low pressure or in a step of concentrating a urea solution in a urea synthesis process.

[0007] However, when the recovered low pressure steam having a low temperature is used, it becomes difficult to
maintain a temperature difference for heating in a step of separating unreacted ammonia and carbon dioxide, which
requires a high temperature, and therefore it is required to enlarge the heat transfer area of a heater of a separator.
[0008] As described above, the prior art regarding a heat recovery method in a urea synthesis process has various
problems to be solved.

[0009] Itis an object of the present invention to provide a method for effectively recovering heat in a urea synthesis
process so as to sharply reduce a heat transfer area, which is required in a urea production process as a whole.
[0010] As a result of concentrated studies to solve the above mentioned problems of the prior art, the present inven-
tors have found that, when the heat of condensation of a mixed gas of ammonia and carbon dioxide having a high
temperature, that is, a high temperature of 170°C to 180°C, is directly used as a heat source in a step of separating
unreacted ammonia and carbon dioxide, without generating a low pressure steam, in other words, without reducing
the temperature to 150°C to 155°C that is the temperature of the low pressure steam, heat transfer efficiency is sub-
stantially improved and the heat transfer area required in a urea synthesis process as a whole is sharply reduced,
thereby completing the present invention.

[0011] The present invention provides the following urea synthesis process:

[0012] A urea synthesis process, which comprises the steps of, reacting raw material ammonia and carbon dioxide
in a urea synthesis column at a urea synthesis temperature and under a urea synthesis pressure; contacting the re-
sulting urea synthesis solution comprising urea, unreacted ammonia, unreacted carbon dioxide and water with at least
a portion of the raw material carbon dioxide under heating in a stripper under a pressure approximately equal to the
urea synthesis pressure, thereby separating unreacted ammonia and unreacted carbon dioxide as a mixed gas of
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ammonia, carbon dioxide and water; feeding the mixed gas to a shell side of a vertical condensation reactor having a
cooling tube therein to contact the mixed gas with an absorption medium under cooling for condensation of the mixed
gas; and recycling the resulting condensate to the urea synthesis column so as to obtain a urea synthesis solution
comprising unreacted ammonia and unreacted carbon dioxide that have not been separated,

wherein the urea synthesis solution separated from the mixed gas in the stripper is fed to the cooling tube of the
vertical condensation reactor, while supplying the mixed gas separated from the urea synthesis solution in the stripper
is fed to the shell side of the vertical condensation reactor so as to condense the mixed gas by indirect heat exchange
with the urea synthesis solution in the cooling tube; and

the urea synthesis solution is heated in the cooling tube by the heat of condensation generated at the time of the
condensation of the mixed gas.
[0013] Itis preferable that the urea synthesis solution comprising unseparated unreacted ammonia and unreacted
carbon dioxide discharged from the stripper is decompressed to a pressure lower than the urea synthesis pressure,
and is then fed to the cooling tube of the vertical condensation reactor.
[0014] It is preferable that the urea synthesis solution comprising unseparated unreacted ammonia and unreacted
carbon dioxide discharged from the stripper is decompressed and fed to a medium pressure separator wherein a
portion of unreacted ammonia and unreacted carbon dioxide contained in the urea synthesis solution is separated,
and then the resulting solution is fed to the cooling tube of the vertical condensation reactor.
[0015] The urea synthesis solution fed to the cooling tube side of the vertical condensation reactor is preferably
heated to a temperature of 150°C to 170°C by the heat of condensation of the mixed gas fed to the vertical condensation
reactor.
[0016] The cooling tube of the vertical condensation reactor is preferably a U-shaped tube having multi channels.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] In the drawings:

FIG. 1 is a process flow sheet showing one embodiment of the present invention;
FIG. 2 is a process flow sheet showing another embodiment of the present invention;
FIG. 3 is a process flow sheet showing a prior art technique; and

FIG. 4 is a process flow sheet showing another prior art technique.

[0018] Inthe presentinvention, a urea synthesis solution (hereinafter, simply referred to as aurea solution) containing
remaining unreacted ammonia and unreacted carbon dioxide discharged from a bottom part of a stripper is preferably
fed to the cooling tube of a vertical condenser after being decompressed through a reducing valve. This is because a
temperature difference between the urea solution fed to the cooling tube of the vertical condenser and a condensate
contained in the shell side thereof can be kept large by a decrease in temperature of the urea solution by decompression.
At this time, the pressure is reduced to a medium pressure within a range of preferably about 0.01 to 3.0 MPa, more
preferably about 1.0 to 2.5 MPa, and particularly preferably about 1.5 to 2.0 MPa. It is preferable that the urea solution,
the pressure of which is reduced to a medium pressure, leaves a mixed gas comprising ammonia, carbon dioxide and
water separated from the solution by decompression, in a medium pressure separator, before entering the cooling
tube. By removing the separated mixed gas and feeding only the urea solution to the cooling tubes, the urea solution
can equally be distributed to each tube and heat exchange efficiency is improved.

[0019] A vertical condensation reactor is preferably a vertical heat exchanger comprising a U-shaped cooling tube
having multi channels. By using this vertical condensation reactor, not only the heating of the urea solution from the
stripper, but also the generation of a low pressure steam and the heating of other cooling mediums such as a raw
material liquid ammonia, can easily be carried out without increasing the number of devices and/or distributing the gas.
[0020] The present invention will be explained in detail with reference to drawings.

[0021] FIG. 1 is a process flow sheet showing one embodiment of the present invention.

[0022] A raw material ammonia, after the pressure is raised to about 25 MPa, is fed to a heat exchanger 7 through
aline 11, and heated to about 175°C with a recovered low pressure steam and a condensate of a high pressure steam.
Subsequently, the ammonia is fed to an ejector 10 through a line 12 and then expanded to the urea synthesis pressure.
A condensate fed from a down pipe 22 is sucked to the ejector, and then it is fed to a urea synthesis column 1 together
with the ammonia through a line 13.

[0023] The raw material carbon dioxide and anti-corrosive air are supplied to a bottom part of the stripper 2 through
a line 14, but a portion of them is fed to the urea synthesis column 1 though the line 15.

[0024] While ammonia, carbon dioxide and anti-corrosive air are going up in the urea synthesis column 1, which is
operated under a pressure of 13 to 25 MPa at a temperature of 180°C to 200°C, a urea synthesis reaction proceeds.
After completion of the reaction, the urea synthesis solution is discharged from a top part of the urea synthesis column
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1to aline 16, and is then fed to a top part of the stripper 2.

[0025] In the stripper 2 operated under a pressure of 13 to 25 MPa at a temperature of 160°C to 200°C, unreacted
ammonium carbamate (unreacted ammonia and unreacted carbon dioxide) contained in the urea synthesis solution
are thermally decomposed and separated as a mixed gas comprising ammonia, carbon dioxide, water and inert gas.
[0026] The above mixed gas is fed from the top part of the stripper 2 to a shell side of the vertical condensation
reactor 4 through the line 18, while the urea synthesis solution comprising unseparated unreacted ammonia and un-
reacted carbon dioxide is discharged from the bottom part of the stripper 2 to a line 17 and then fed to a cooling tube
side of the vertical condensation reactor 4 after decompressed through a reducing valve 8 to a pressure of 1.0 to 2.5
MPa.

[0027] In the vertical condensation reactor 4, the pressure of a recovery solution (a solution obtained by separating
the unreacted ammonium carbamate contained in the urea synthesis solution fed from the stripper 2 as a mixed gas
comprising ammonia, carbon dioxide and water under a medium and/or low pressure and absorbing the mixed gas
into water, diluted ammonia water or the like), which is fed as an absorption medium through a line 20, is raised to
about 13.5 to 25.5 MPa at a temperature of about 110°C, and then fed to a packing part 5 installed on a top part of the
vertical condensation reactor 4. The packing part 5 is operated under a pressure of 13 to 25 MPa at a temperature of
160°C to 190°C. An absorption solution discharged from a bottom part of the packing part 5 flows down from a down
pipe 21 to a bottom part of the vertical condensation reactor 4, and then contacted with the mixed gas brought from
the line 18 under cooling so as to absorb and condense the mixed gas. The shell side of the vertical condensation
reactor 4 is filled with the above absorption solution and condensate (hereinafter, both solutions are collectively referred
to as a condensate) fed from the packing part 5, and heat of condensation (absorption heat) is removed by a cooling
medium, which is fed to a cooling tube 19 and, if desired, to a cooling tube 23.

[0028] As described above, the vertical condensation reactor 4 is a vertical heat exchanger comprising a U-shaped
cooling tube having multi channels, which not only heats a urea solution supplied from a stripper but also preferably
supplies water to other channels to generate low pressure steam. Moreover, this vertical condensation reactor 4 can
easily heat other cooling mediums such as a raw material liquid ammonia.

[0029] The temperature of the shell side of the vertical condensation reactor 4 is controlled at 170°C to 190°C, and
this control of temperature can be carried out by removing the heat of condensation of a mixed gas preferably by
heating two cooling mediums, for example, by heating the urea synthesis solution and generating steam.

[0030] The condensate in the shell side of the vertical condensation reactor 4 is fed to a sucking side of the ejector
10 through the down pipe 22 having an opening on the top part of the shell side.

[0031] The urea synthesis solution supplied to the cooling tube side of the vertical condensation reactor 4 through
a line 19 is heated to a temperature of 150°C to 170°C, which is desirable to decompose unreacted ammonium car-
bamate under a medium pressure. The heat required for medium pressure decomposition is provided from the heat
of condensation generated in the vertical condensation reactor 4, and accordingly there is no need for the heating of
a medium pressure decomposer 6.

[0032] The heated urea synthesis solution is fed to the medium pressure decomposer 6 operated preferably under
a pressureof 1.0 to 2.5, more preferably under a pressure of 1.5 to 2.0 MPa at a temperature of 150°C to 170°C to
separate unseparated unreacted ammonium carbamate. The urea solution comprising almost no unreacted ammonium
carbamate is fed through a line 25 to a low pressure decomposer (not shown) for the next step. On the other hand,
the mixed gas separated from the urea synthesis solution is subjected to a recovering step through a line 26.

[0033] The condensate generated by absorbing the mixed gas supplied from the line 18 flows down through the
down pipe 22 by gravitation, and after the pressure is raised by an ejector 10, the condensate is fed to the urea synthesis
column 1. On the other hand, the mixed gas which is not absorbed is subjected to the next step through a line 24.
[0034] FIG.2isa process flow sheet showing another embodiment of the presentinvention. A urea solution separated
from a mixed gas in the stripper 2 is supplied to the medium pressure separator 3, and after the mixed gas contained
in the urea solution is further separated, the resulting solution is fed to the cooling tube of the vertical condensation
reactor 4.

[0035] The stripper 2 is operated under a pressure of 13 to 25 MPa at a temperature of 160°C to 200°C, and therein,
unreacted ammonium carbamate contained in the urea synthesis solution is decomposed into ammonia and carbon
dioxide by stripping with a raw material carbon dioxide, and then separated as a mixed gas comprising ammonia,
carbon dioxide, water and inert gas. This mixed gas is fed from the top part of the stripper 2 to the shell side of the
vertical condensation reactor 4 through the line 18, while the urea solution comprising unseparated unreacted ammonia
and unreacted carbon dioxide is discharged from the bottom part of the stripper 2 to the line 17, decompressed through
reducing valve 8, and then fed to the medium pressure separator 3.

[0036] The medium pressure separator 3 is operated under a pressure of 1.5 to 2.5 MPa at a temperature of 120°C
to 150°C. Accordingly, the urea synthesis solution falls from the operation pressure and temperature of the stripper 2
to the operation pressure and temperature of the medium pressure separator 3 by adiabatic expansion and becomes
two phases of gas and liquid, and thereby the gas contained in the urea solution is separated. The urea solution
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obtained by separation of gas from the urea synthesis solution is fed from the bottom part of the vertical condensation
reactor 4 to the cooling tube side through the line 19, while the mixed gas separated from the urea solution is fed to a
recovering step through a line 27.

[0037] In the vertical condensation reactor 4, the pressure of a recovery solution, which is supplied as an absorption
medium from the line 20, is raised to about 13.5 to 25.5 MPa at a temperature of about 110°C, and then fed to the
packing part 5 installed on the top part of the vertical condensation reactor 4. The packing part 5 is operated under a
pressure of 13 to 25 MPa at a temperature of 160°C to 190°C, and the solution accumulated in the bottom part of the
packing part 5 is fed to the bottom part of the vertical condensation reactor 4 through the down pipe 21.

[0038] The shell side of the vertical condensation reactor 4 is filled with the absorption solution and condensate
delivered from the packing part 5, and the mixed gas is absorbed and condensed and the heat of condensation is
removed by the cooling tubes 19 and 23.

[0039] Since, in the medium pressure separator, the urea solution has a pressure lower than the pressure in the
synthesis column and is separated into the two phases of gas and liquid, if it is directly fed to the cooling tubes, the
distribution of the urea solution in each tube tends to be uneven. However, if the urea solution is fed to the vertical
condensation reactor 4 after the mixed gas contained in the urea solution is separated in the medium pressure separator
3, the solution is evenly distributed to cooling tubes, and heat exchange efficiency is improved.

[0040] Regarding the urea synthesis solution fed to the tube side, considering improvement in heat transfer perform-
ance by even distribution of the solution to cooling tubes, it is preferable that the gas contained in the urea synthesis
solution is separated in the medium pressure separator 3 and only the liquid phase is fed to the cooling tube side.
[0041] Inthe presentinvention, the embodiments shown in FIG. 1 and FIG. 2 can selectively be used as appropriate
depending on the cost of the cooling tubes and the medium pressure separator 3. However, where a large-size vertical
condensation reactor 4 is used, the cost of the equipment can be reduced somewhat by installation of the medium
pressure separator 3.

[0042] The present invention will be further specifically described in the following Examples and Comparative Ex-
amples.

Example 1

[0043] According to the process shown in FIG. 1, 1,725 tons/day of urea was synthesized.

[0044] The heat transfer area required for heating a urea solution from a stripper to 155°C was found to be 285 m2.
This was about 2/10 to 3/10 of the heat transfer area required in the prior art. The material balance is shown in Table
1. In the table, the vertical column represents the number of each line shown in FIG. 1, and the horizontal column
represents the pressure, the temperature, the flow rate and the composition of a substance flowing through each line.
The shell side temperature, the tube side temperature, the total heat transfer coefficient and the required heat transfer
area of a vertical condensation reactor are shown in Table 3.

[0045] As shown in Table 3, since it was possible to make the temperature difference between the shell side tem-
perature and the tube side exit temperature in the vertical condensation reactor large and the total heat transfer coef-
ficient was remarkably improved, the heat transfer area was significantly reduced when compared with the prior art.

Example 2

[0046] According to the process shown in FIG. 2, 1,725 tons/day of urea was synthesized.

[0047] The heat transfer area required for heating a urea solution from a stripper to 155°C after decompression was
found to be 252 m2. This was about 2/10 to 3/10 of the heat transfer area required in the prior art.

[0048] The material balance is shown in Table 1. In the table, the vertical column represents the number of each line
shown in FIG. 2, and the horizontal column represents the pressure, the temperature, the flow rate and the composition
of a substance flowing through each line. The shell side temperature, the tube side temperature, the total heat transfer
coefficient and the required heat transfer area of a vertical condensation reactor are shown in Table 3.

[0049] As shown in Table 3, differing from Example 1, since only the urea synthesis solution is fed to the tube side
after the separation of a mixed gas and urea solution, it became unnecessary to raise the temperature of the mixed
gas. In addition, since the urea synthesis solution was evenly distributed, the total heat transfer coefficient was further
improved and the heat transfer area was further reduced.

Comparative Example 1
[0050] According to the process flow shown in FIG. 3, 1,725 tons/day of urea was synthesized.

[0051] The material balance is shown in Table 2. In the table, the vertical column represents the number of each line
shown in FIG. 3, and the horizontal column represents the pressure, the temperature, the flow rate and the composition
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of a substance flowing through each line. The shell side temperature, the tube side temperature, the total heat transfer
coefficient and the required heat transfer area of a vertical condensation reactor are shown in Table 3.

[0052] As shown in Table 3, although there could remain the temperature difference between the tube side temper-
ature and the shell side outlet temperature in the vertical condensation reactor, the heat transfer area required for
heating a urea solution from a stripper to 155°C after decompression was found to be 1,028 m2, since the total heat
transfer coefficient was low due to falling film type condensation.

Comparative Example 2

[0053] According to the process shown in FIG. 4, 1,725 tons/day of urea was synthesized.

[0054] The material balance is shown in Table 2. In the table, the vertical column represents the number of each line
shown in FIG. 4, and the horizontal column represents the pressure, the temperature, the flow rate and the composition
of a substance flowing through each line. The shell side temperature, the tube side temperature, the total heat transfer
coefficient and the required heat transfer area of a vertical condensation reactor are shown in Table 3.

[0055] As shown in Table 3, the total heat transfer coefficient was greater than that in Comparative Example 1.
However, since the temperature difference between the tube side temperature and the shell side outlet temperature
in the vertical condensation reactor could not sufficiently be retained by using the recovered low pressure steam, heat
transfer area required for heating a urea solution from a stripper to 155°C after decompression was found to be 842 m2.
[0056] According to the present invention, since the temperature of the condensation of a mixed gas is high under
a synthesis pressure, indirect heat exchange is performed directly between a urea solution fed from a stripper (pref-
erably after decompression) and a condensate by using the heat of condensation, which has been used for the gen-
eration of a low pressure steam in the prior art, thereby making it possible to efficiently recover heat required for medium
pressure decomposition.

[0057] Although the heat of condensation of a mixed gas under a urea synthesis pressure is used as the heat source
for medium pressure decomposition in the prior art process, the process becomes complicated in that the number of
devices increases and the division of the mixed gas is required. In the present invention, since a vertical condensation
reactor which is a vertical heat exchanger having a U-shaped cooling tube is used, it becomes possible to simultane-
ously carry out both the generation of a low pressure steam and the heating of a urea synthesis solution by dividing
the tube sheet, without increasing the number of devices or without dividing the gas. According to the configuration of
the heat exchanger, for example, other cooling mediums such as liquid ammonia and recovery solution can easily be
introduced by dividing the tube sheet.
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[Table 1]
1725MTPD Urea production Example 1
Line number | Pressure | Temperature | Flowrate | Urea | Ammonia | Carbondioxide | Water
MPa °C T/D wt% wt% wit% wit%
Raw material NH3 11 22.5 35 976 0.0 100.0 0.0 0.0 100.0
Raw material CO, 14 15.5 135 1212 0.0 0.0 100.0 0.0 100.0
Urea synthesis column outlet 16 15.5 185 5569 33.4 34.3 13.6 18.7 100.0
Stripper outlet solution 17 15.5 172 3444 51.4 11.5 12.0 25.1 100.0
After decompression 19
Solution 1.75 139 3282 53.9 10.9 9.3 25.9 100.0
Gas 1.75 139 162 0 23.7 66.2 10.1 100.0
After heating Solution 25 1.75 155 2870 61.8 7.2 3.6 27.4 100.0
Gas 26 1.75 155 574 0 32.9 53.6 13.5 100.0
Vertical condensation reactor outlet 22 15.5 180 4448 271 30.0 23.9 19.0 100.0
1725MTPD Urea production Example 2
Line number | Pressure | Temperature | Flowrate Urea | Ammonia Carbonide | water
MPa °C T/D wt% wt% wt% wt%

19 €99 6.2 | d3
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1725MTPD Urea production Example 2

Line number | Pressure | Temperature | Flowrate Urea | Ammonia Carbonide | water
Raw material NH3 11 22.5 35 976 0.0 100.0 0.0 0.0 100.0
Raw material CO, 14 15.5 135 1212 0.0 0.0 100.0 0.0 100.0
Urea synthesis column outlet 16 15.5 185 5559 33.4 34.3 13.6 18.7 100.0
Stripper outlet solution 17 15.5 172 3444 51.4 11.5 12.0 25.1 100.0
After decompression and separation
Solution 19 1.75 139 3282 53.9 10.9 9.3 25.9 100.0
Gas 27 1.75 139 162 0 23.7 66.2 10.1 100.0
After heating Solution 25 1.75 155 2885 61.41 7.5 3.6 27.5 100.0
Gas 26 1.75 155 398 0 35.7 50.5 13.8 100.0
Vertical condensation reactor outlet 22 15.5 180 4448 27 1 30.0 23.9 19.0 100.0

19 €99 6.2 | d3
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[Table 2]
1725MTPD Urea production Comparative Example 1
Line number | Pressure | Temperature | Flowrate Urea | Ammonia | Carbon dioxide | Water
MPa °C T/D wt% wt% wt% wt%
Raw material NH3 11 18.0 35 976 0.0 100.0 0.0 0.0 | 100.0
Raw material CO, 14 18.0 135 1212 0.0 0.0 100.0 0.0 | 100.0
Urea synthesis column outlet 16 17.5 190 5746 32.3 36.7 11.8 19.2 | 100.0
Stripper outlet solution 17 17.5 178 3659 48.4 13.0 13.8 24.8 | 100.0
After decompression 19
Solution 1.75 136 3435 51.6 12.2 10.5 25.7 | 100.0
Gas 1.75 136 224 0 26.1 83.8 10.1 100.0
After heating
Solution 25 1.75 155 2890 61.3 7.4 3.6 27.7 | 100.0
Gas 26 1.75 155 769 0 34.3 52.0 13.7 | 100.0
Vertical condenser outlet 22 30
Solution 17.5 175 35 0.1 39.7 44 4 15.8 | 100.0
20
Gas 17.5 175 1462 0 64 35.8 0.2 | 100.0

19 €99 6.2 | d3
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[Table 2] (continued)
1725MTPD Urea production Comparative Example 2
Line number | Pressure | Temperature | Flow rate Urea | Ammonia Carbonide | Water
MPa °C T/D wt% wt% wt% wt%
Raw material NH; 11 225 35 976 0.0 100.0 0.0 0.0 | 100.0
Raw material CO, 14 15.5 135 1212 0.0 0.0 100.0 0.0 | 100.0
Urea synthesis column outlet 16 155 105 5509 33.4 34.3 13.6 18.7 | 100.0
Stripper outlet solution 17 15.5 172 3444 51.4 11.5 12.0 25.1 100.0
After decompression 19
Solution 1.75 139 3282 53.9 10.9 9.3 25.9 | 100.0
Gas 1.75 139 162 0 23.7 66.2 10.1 | 100.0
After heating Solution 25 1.75 155 2885 | 61.41 7.5 3.6 27.5 | 100.0
Gas 26 1.75 155 398 0 35.7 50.5 13.8 | 100.0
Vertical condensation reactor outlet 22 15.5 180 4448 271 30.0 23.9 19.0 | 100.0
Heater steam 38 0.6 155 333 0.0 0.0 0.0 100.0 | 100.0
Heater condensate 39 20 214 1108 0.0 0.0 0.0 100.0 | 100.0

19 €99 6.2 | d3
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[Table 3]
Example 1 || Example 2 | Comparative || Comparative | Comparative
Example 1 Example 2 Example 2
Recovered Medium Total
low pressure pressure
steam condensate
Shell side °C 180 180 136 139 149
Temperature
(inlet)
Shell side °C 180 180 155 149 155
Temperature
(outlet)
Tube side °C 139 139 180 155 214
temperature
(inlet)
Tube side °C 155 155 175 155 158
temperature
(outlet)
Total heat Kcal/m2/Hr/ 1000 1100 380 950 800
transfer °C
coefficient
Required m?2 285 252 1028 672 170 842
heat transfer
area

Claims

A urea synthesis process, which comprises the steps of reacting raw material ammonia and carbon dioxide in a
urea synthesis column at a urea synthesis temperature and pressure; contacting the resulting urea synthesis
solution comprising urea, unreacted ammonia, unreacted carbon dioxide and water with at least a portion of the
raw material carbon dioxide under heating in a stripper under a pressure approximately equal to the urea synthesis
pressure, thereby separating unreacted ammonia and unreacted carbon dioxide as a mixed gas of ammonia,
carbon dioxide and water; feeding the mixed gas to a shell side of a vertical condensation reactor having a cooling
tube therein to contact the mixed gas with an absorption medium under cooling thereby condensing the mixed
gas; and recycling the resulting condensate to the urea synthesis column so as to obtain a urea synthesis solution
comprising unreacted ammonia and unreacted carbon dioxide that have not been separated,

the steps comprising feeding the urea synthesis solution separated from the mixed gas in said stripper to
the cooling tube side of said vertical condensation reactor, while feeding the mixed gas separated from the urea
synthesis solution in said stripper to the shell side of said vertical condensation reactor so as to condense the
mixed gas by indirect heat exchange with the urea synthesis solution in said cooling tube side; and

heating the urea synthesis solution in said cooling tube side by the heat of condensation generated at the
time of the condensation of said mixed gas.

The process according to claim 1, wherein the urea synthesis solution comprising unseparated unreacted ammonia
and unreacted carbon dioxide discharged from said stripper is decompressed to a pressure lower than the urea
synthesis pressure, and is then fed to the cooling tube side of said vertical condensation reactor.

The process according to claim 1, wherein the urea synthesis solution comprising unseparated unreacted ammonia

and unreacted carbon dioxide discharged from said stripper is decompressed and fed to a medium pressure sep-
arator to separate a portion of unreacted ammonia and unreacted carbon dioxide contained in the urea synthesis
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solution, the resulting solution is then fed to the cooling tube side of said vertical condensation reactor.

The process according to claim 2 or 3, wherein said urea synthesis solution is decompressed to a pressure of from
1.0 to 2.5 Mpa,

The process according to any one of claims 1 to 4, wherein said urea synthesis solution fed to the cooling tube
side of said vertical condensation reactor is heated to a temperature of 150°C to 170°C by the heat of condensation
of said mixed gas fed to said vertical condensation reactor.

The process according to any one of claims 1 to 5, wherein the cooling tube side of said vertical condensation
reactor comprises a U-shaped tube having multi channels.

The process according to claim 6, wherein said vertical condensation reactor is used for generating a low pressure
steam and/or for heating other cooling mediums such as a raw material liquid ammonia.

Patentanspriiche

1.

Verfahren zur Hamstoffsynthese, das die Schritte

Reaktion der Ausgangsmaterialien Ammoniak und Kohlendioxid in einer Saule zur Hamstoffsynthese bei
einer Temperatur und einem Druck zur Hamstoffsynthese; Herstellen des Kontaktes der erhaltenen Harnstoffsyn-
theseldsung, die Harnstoff, nichtumgesetzten Ammoniak, nichtumgesetztes Kohlendioxid und Wasser umfaf3t, mit
wenigstens einem Teil des Ausgangsmaterials Kohlendioxid unter Erwarmen in einem Abscheider unter einem
Druck, der ungefahr gleich dem Druck zur Hamstoffsynthese ist, wobei nichtumgesetztes Ammoniak und nichtum-
gesetztes Kohlendioxid als ein Mischgas von Ammoniak, Kohlendioxid und Wasser abgetrennt werden;

Zufiihren des Mischgases zu einer Seite der Ummantelung eines vertikalen Kondensationsreaktors mit ei-
nem darin befindlichen Kihlrohr, um das Mischgas mit einem Adsorptionsmedium unter Kihlung in Kontakt zu
bringen, wobei das Mischgas kondensiert; und

Wiederzuflihren des erhaltenen Kondensats zu der Saule zur Harnstoffsynthese, um so eine Harnstoffsyn-
theseldsung zu erhalten, die nichtumgesetztes Ammoniak und nichtumgesetztes Kohlendioxid umfaft, die nicht
abgetrennt wurden,

umfalft,

die Schritte umfassen das Zufiihren der Hamstoffsynthesel6sung, die von dem Mischgas in dem Abscheider
abgetrennt wurde, zu der Seite des Kuhlrohrs des vertikalen Kondensationsreaktors, wahrend das Mischgas aus
der Hamstoffsyntheseldsung in dem Abscheider der Seite der Ummantelung des vertikalen Kondensationsreaktors
zugefiihrt wird, um so das Mischgas durch indirekten Warmeaustausch mit der Hamstoffsyntheselésung auf der
Seite des Kiihlrohrs zu kondensieren; und

Erhitzen der Harnstoffsynthesel6sung auf der Seite des Kihlrohrs durch die Warme der Kondensation, die
zu der Zeit der Kondensation des Mischgases erzeugt wurde.

Verfahren nach Anspruch 1, bei dem die Hamstoffsynthesel6sung, die nicht abgetrenntes nichtumgesetztes Am-
moniak und nichtumgesetztes Kohlendioxid umfalt, die aus dem Abscheider abgelassen wird, auf einen Druck
dekomprimiert wird, der niedriger ist als der Druck zur Harnstoffsynthese und dann zu der Seite des Kiihlrohr des
vertikalen Kondensationsreaktors gefiihrt wird.

Verfahren nach Anspruch 1, bei dem die Hamstoffsynthesel6sung, die nicht abgetrenntes nichtumgesetztes Am-
moniak und nichtumgesetztes Kohlendioxid umfaft, die aus dem Abscheider abgelassen wird, dekomprimiert wird
und dann zu einem Mitteldruckseparator gefiihrt wird, um einen Teil des nichtumgesetzten Ammoniaks und
nichtumgesetzten Kohlendioxids, die in der Harnstoffsyntheselésung enthalten sind, abzutrennen, die sich erge-
bende Losung wird dann zu der Seite des Kuhlrohr des vertikalen Kondensationsreaktors gefihrt.

Verfahren nach Anspruch 2 oder 3, bei dem die Hamstoffsyntheselésung auf einen Druck von 1,0 bis 2,5 MPa
dekomprimiert wird.

Verfahren nach einem der Anspriiche 1 bis 4, bei dem die Harnstoffsyntheseldsung, die zu der Seite des Kiihlrohrs

des vertikalen Kondensationsreaktors gefiuihrt wird, auf eine Temperatur von 150°C bis 170°C durch die Warme
des Mischgases, das dem vertikalen Kondensationsreaktor zugefiihrt wurde, erhitzt wird.
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Verfahren nach einem der Anspriiche 1 bis 5, bei dem die Seite des Kiihlrohrs des vertikalen Kondensationsre-
aktors einem U-férmige Réhre mit vielen Kanalen umfafit.

Verfahren nach Anspruch 6, bei dem der vertikale Kondensationsreaktor verwendet wird, um einen Niederdruck-
dampf zu erzeugen und/oder um andere Kiihimedien, wie flissigen Ammoniak als ein Ausgangsmaterial, mit Aus-
nahme der Hamstoffldsung aus dem Abscheider, zu erhitzen.

Revendications

Procédé de synthése d'urée, qui comprend les étapes consistant a faire réagir une matiére premiére a base d'am-
moniac et de dioxyde de carbone dans une colonne de synthése d'urée a une température et a une pression de
synthése d'urée ; @ mettre en contact la solution de synthése d'urée qui en résulte comportant I'urée, I'ammoniac
qui n'a pas réagi, le dioxyde de carbone qui n'a pas réagi et I'eau avec au moins une partie de la matiére premiéere
a base de dioxyde de carbone en chauffant dans un dispositif de stripping a une pression approximativement
égale a la pression de synthése de l'urée, séparant ainsi 'ammoniac qui n'a pas réagi et le dioxyde de carbone
qui n'a pas réagi sous forme d'un gaz mixte d'ammoniac, dioxyde de carbone et eau ; a alimenter le gaz mixte
vers le coté calandre d'un réacteur de condensation vertical qui comporte en son sein un tube de refroidissement
de maniére a mettre en contact le gaz mixte avec un milieu d'absorption en refroidissant, condensant ainsi le gaz
mixte ; et a recycler le condensat qui en résulte vers la colonne de synthése de l'urée de maniéere a obtenir une
solution de synthése de I'urée comprenant I'ammoniac qui n'a pas réagi et le dioxyde de carbone qui n'a pas réagi
qui n'ont pas été séparés,

les étapes comprenant I'alimentation de la solution de synthése de I'urée qui a été séparée du gaz mixte
dans ledit dispositif de stripping vers le c6té tube de refroidissement dudit réacteur de condensation vertical, tout
en alimentant le gaz mixte séparé de la solution de synthése de I'urée dans ledit dispositif de stripping vers le c6té
calandre dudit réacteur de condensation vertical de maniére a condenser le gaz mixte par échange de chaleur
indirect avec la solution de synthése de I'urée dans ledit c6té tube de refroidissement ; et

a chauffer la solution de synthése de I'urée dans ledit c6té tube de refroidissement par la chaleur de con-
densation produite au moment de la condensation du gaz mixte.

Procédé selon la revendication 1, caractérisé en ce que la solution de synthése de I'urée, qui comprend sous
forme non-séparée I'ammoniac qui n'a pas réagi et le dioxyde de carbone qui n'a pas réagi et qui est rejetée dudit
dispositif de stripping, est décomprimée a une pression inférieure a la pression de synthése de I'urée, et est ensuite
acheminée vers le coté tube de refroidissement dudit réacteur de condensation vertical.

Procédé selon la revendication 1, caractérisé en ce que la solution de synthése de I'urée, qui comprend sous
forme non-séparée I'ammoniac qui n'a pas réagi et le dioxyde de carbone qui n'a pas réagi et qui est rejetée dudit
dispositif de stripping, est décomprimée et alimentée vers un dispositif de séparation moyenne pression de maniére
a séparer partiellement I'ammoniac qui n'a pas réagi du dioxyde de carbone qui n'a pas réagi contenus .dans la
solution de synthése de I'urée, la solution qui en résulte étant ensuite acheminée vers le cété tube de refroidisse-
ment dudit réacteur de condensation vertical.

Procédé selon la revendication 2 ou 3, caractérisé en ce que ladite solution de synthése de I'urée est décompri-
mée a une pression de 1,0 a 2,5 Mpa.

Procédé selon l'une quelconque des revendications 1 a 4, caractérisé en ce que ladite solution de synthése de
l'urée, alimentée vers le coté tube de refroidissement dudit réacteur de condensation vertical, est chauffée a une
température de 150°C a 170°C par la chaleur de condensation dudit gaz mixte fourni au réacteur de condensation
vertical.

Procédé selon I'une quelconque des revendications 1 a 5, caractérisé en ce que le cété tube de refroidissement
dudit réacteur de condensation vertical comporte un tube en forme de U a canaux multiples.

Procédé selon la revendication 6, caractérisé en ce que ledit réacteur de condensation vertical est utilisé pour

produire une vapeur basse pression et/ou pour chauffer d'autres milieux de refroidissement tels une matiére brute
a base d'ammoniac liquide a I'exception de la solution d'urée du dispositif de stripping.
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